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Abst rac t - -The  transverse electric (TE)  radiation patterns are investigated for a circular cylinder 
wi th  two slots coated by  a dielectric material. In this paper, field characteristics are determined  when 
another axial slot is added to the cylinder. Radiat ions are found by  applying the boundary  conditions 
to the cylindrical wave  functions of the fields. Numer ica l  results are obtained by  truncating the infinite 
series to a finite number  of terms and  compar ing  them to the one slot case. @ 2004 Elsevier Ltd. 
All rights reserved. 
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INTRODUCTION 
Radiations from cylindrical structures have been the subject of various studies [1-6]. However, 
all these studies did not consider the radiation effects when an additional slot is added at ¢ = ~r. 
The field investigated in this paper is found for two axial slots in a circular cylinder coated 
with a pure dielectric material, as illustrated in Figure 1. Th e cylinder is assumed to be a perfect 
electric conductor with radius a and with infinite extent along the z-axis. On the surface of the 
cylinder two slots are axially cut with an angular opening of ¢0 located at ¢ = 0 and ~b = ~r, 
respectively, with respect o the x-axis. The cylinder is entirely coated by Region I which is a 
dielectric layer with radius b. This region is assumed to be linear, homogeneous, and isotropic 
and characterized by permittivity ~1 and permeability #1. Region II is assumed to be free space 
with G2 and #2. 
FORMULAT ION OF  ALGORITHMS 
Due to the even symmetry of the proposed structure, the magnetic field in the dielectric oating 
can be expressed in a Fourier-Bessel cosine series given by (see [2]) 
Hlz : ~ [A~Jn(lqr) + BnYn(klr)] cos(n@. (I) 
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Figure 1. Geometry of the problem. 
Also, in free space the magnetic field is (see [2]) 
Hy = ~ GH~(~)(k~) eos(~¢), (2) 
n=0 
where kt and k2 are the dielectric coating and free space wave numbers, respectively, given by 
k = 27r/;~, and )~ is the wavelength. Y~(x) and E~(x) are Bessel's functions of the first and the 
second type, respectively, with order n and argument x. H~ (2) (x) is the outgoing Hankel function 
of the second type with order n and argument x. 
According to Figure 1, the tangential magnetic and electric fields are continuous at r = b, for 
all ¢ and the tangential electric field is zero at r = a, for all ¢ except at the slots where it is 
assumed to be E0. That  is, 
H I=H H, ~=b, 0<¢<2~,  (3) 
E~=E5 ~=b, 0<¢<2~,  (4) 
1 l 
where E 4 is derived from Maxwell's equations as E¢ =- (i/ws)(°o@) [3]. 
By applying the boundary conditions in equations (3)-(5) to the field equations in (1) and (2) 
[2,5], the C ,  coefficients are found to be 
2E0~c1¢o 1 + cos(n~) 
c~ = iS~b~2k~ ~J ' (k la)  + Z~Y'(kla)' (a) 
where 5n equals 2 for n = 0 and 1 for all other values, and the prime notation designates 
differentiation with respect o the argument. Also, an and/3n are found as 
an = H(~ 2) (k2b)Y~(kib) - k2Q H(2)' (k2b)Yn(klb), 
~i£2 
~ -= k~lH(2)'(k~b)J,~(klb) - H (~) (k2b)J'~(klb). 
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(a)  Rad ia t ion  pat terns  for 81/Z2  = 2.56, /~1/#2 = 1. 
- -  Re ference  [2] for  a = 0.358)~2 and  b = 0.4217A2 for  one  s lot .  
. . . . .  Ca lcu la ted  for  a = 0 .358A2 and  b = 0.4217A2 for  two  s lots .  
- - - Ca lcu la ted  for  a = 0.5A2 and  b = 0.8A2 for  two  s lots .  
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(b)  Rad ia t ion  pat terns  for el~S2 = 1, #1/#2 = 4. 
- -  Re ference  [3] for  a --- 0.31SA2 and  b = 0.350A2 for  one  s lot .  
. . . . .  Ca lcu la ted  for  a = 0.318A2 and  b = 0.350A2 for  two  s lots .  
- - - Ca lcu la ted  for  a = 0.5A2 and  b ---- 0.8A2 for  two  slogs. 
F igure  2. 
From equation (6), we can notice the new factor 1 + cos(n~r) which indicates the effects of the 
additional assumed slot located at ¢ = ~r to the radiated fields. This means that all radiation 
patterns for two slots are the same patterns for one slot multiplied by that factor. 
Applying the asymptotic expression of the Hankel function [3,4] to equation (2), the radiated 
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(a) Antenna gain versus coating thickness for Zl/~2 = 4, /~1//~2 = 1, and a = 2A2. 
- -  Reference [6] at s]ot locat ion for one slot. 
- - - Calculated at slot location ¢ = 0 or 9 = ~ for two slots. 
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(b) Aperture conductance versus coating thickness for Sl/Z2 = 4, /zl/F2 = 1, and 
a = 2~2. 
- -  Reference [6] for one slot. 
- - - Calculated for two slots. 
Figure 3. 
f ield can  be  eva luated  a t  a far  po in t  as 
H I I=  p(¢)e-~(k2r-Tr/n) i~2r, 
where  P (¢ )  is the  far  f ield pat te rn  g iven  by  
oo  
p(¢)  = 
n=O 
(r) 
(8) 
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In addition, similar to the derivations in reference [6], the antenna gain and the aperture 
conductance per unit length A2 for the two slots are found as 
G(¢) -  ~_p(@[2, (9) 
E IC,,I 2 
n=O 
oo 
E IC, ? 
n=O 
A2 -- 2a2¢0287cEg ' (10) 
where r]2 is the intrinsic impedance in free space approximately equal to 1207c [6]. 
RESULTS AND DISCUSSIONS 
In order to ascertain the accuracy of the expressions derived above, a number of numerical 
computations are performed. The results obtained are only calculated for the first 30 terms of 
the series produced in the solution due to the convergence of the summation. The field pattern 
described by equation (8) is compared with similar numerical data  in references [2,3] for a slot 
size of ¢0 = Tr/100. In addition, all patterns are normalized to the data in references [2,3] to 
facil itate the study of the generated new patterns and understand the differences that may occur 
when two slots exist. 
Figure 2a shows the radiated pattern compared with data in reference [2] for z l /e2 = 2.56, 
ffl/P2 = i, a = 0.358A2, and  b = 0.4217A2. The  pattern is also calculated for a = 0.5A2 and  
b = 0.8A2. As  shown,  the field is enhanced and  a symmetry  is mainta ined around ¢ = :r/2 due to 
the two slots. In F igure 2b, the field pattern is also compared  wi th  similar values in reference [3], 
Case  II for Z l /C2 = i, # i /#2 = 4, a = 0.318A2, and  b = 0.350),2. In reference [3], A = ak2 
and  B = bk2, and in all figures, A2 = A0, #2 = #0, and  ~2 = Co, wh ich  lead to ~1/z2 = zr and  
# i /#2 = #r. As  expected, the radiation is also enhanced with a symmetry  around ¢ = Ir/2. 
Furthermore,  the antenna gain and  the aperture conductance per unit length A2 are compared  
to the one slot case in reference [6]. The  antenna gain in equat ion (9) is est imated versus the 
coating thickness as shown in Figure 3a at the slot locations ¢ = 0 or q~ = 7r for el/a2 -- 4, 
# i /#2 = i, and  a = 2A2. It appears that the gain is changed but it is not significantly enhanced 
for the two slots case. Moreover,  the aperture conductance  in equation (i0) is shown versus the 
coating thickness for ¢I/E2 = 4, #i/#2 = i, and  a = 2A2 in Figure 3b wh ich  indicates that the 
aperture conductance  is smaller for the two slots case. 
CONCLUSION 
A solution was derived for the problem of two axial slots in a circular cylinder coated with a 
dielectric material. The TE case was considered based on the boundary value method, and the 
radiated fields were represented in terms of an infinite series of cylindrical waves. The solution 
explained the effects of the proposed additional slot located at ¢ = 7r to the far field patterns 
in addit ion to the influences that can arise to the antenna gain and the aperture conductance. 
It was found that the addit ional slot can increase the radiated fields with a symmetry around 
¢ = 7r/2. Also, the antenna gain was not enhanced. However, the aperture conductance was 
found to be smaller. 
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